Trace elemental analysis has become an area of particular concern and high priority in environmental research and protection. The functional role of trace elements is described in terms of their nutritionally essential role or their potential toxicity, with several elements being included in both categories depending upon the dosage, route of administration and the form of the chemical species.
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In fact, Zn imparts an undesirable astringent taste to water. Different tests indicate that 5% of a population could distinguish between Znfree water and water containing Zn at 4 mg/L level (as zinc sulfate). 2 The concentration in natural surface water is usually below 5 μg/L, 3 although there could be higher values, for instance in tap water as a result of the leaching of Zn from piping and fittings. 4 For this reason, the analytical control of Zn(II) in drinking water is of paramount interest. Considering the low Zn concentration levels expected in water, sensitive analytical techniques are required to obtain adequate LODs in order to monitor satisfactorily its low concentration levels.
The analytical techniques commonly used nowadays to determine trace amounts of Zn in water samples are based on atomic techniques such as atomic absorption spectrometry, 5, 6 graphite furnace atomic absorption spectrometry (GFAAS) 7 inductively coupled plasma (ICP) atomic emission spectrometry [8] [9] [10] and ICP mass spectrometry. 11 These techniques involve high costs of acquisition and maintenance. Since we know that in routine analysis, a large part of the samples may not be positive, rapid analytical methodologies like "screening tests" that can provide reliable "yes/no" responses are of interest. 12 There is an increasing need for simple, cost effective techniques for the monitoring of heavy metals. As an alternative approaches to these atomic techniques, different methodologies have been applied for the determination of Zn. Among them spectrophotometry, [13] [14] [15] [16] [17] [18] fluorescence, [19] [20] [21] electrochemistry, 22 anodic stripping voltammetry 23 and ion chromatography 24 have been proposed for the determination of Zn(II).
As an alternative to classic atomic spectrometry, flow injection systems combined with molecular fluorescence spectroscopy could provide simpler screening systems, generally based on the reaction between the analyte and a relatively selective reagent. These systems offer attractive analytical advantages in terms of sensitivity, speed, simplicity and cost-effectiveness.
Among such systems, solid-phase spectroscopy (SPS) is a methodology which improves both selectivity and sensitivity in non-destructive spectrometric measurements in relation to those performed in homogeneous solution. 25 This technique is based on the retention/preconcentration and direct spectrometric measurement of the analyte/target species on an appropriate solid support. The combination of continuous flow systems with SPS combines the advantages of both principles: selectivity and sensitivity of SPS with speed, higher reproducibility and automation degree common in flow assemblies. These kinds of systems have been called flow-through optosensors, absorptiometry and luminescence being the more widely used detection techniques. 26, 29 In this study, we have evaluated the analytical performance of a fluorescence-based flow-through optosensor for the screening of trace amounts of Zn(II) in drinking water. This approach is based on the transient immobilization on a solid sensing zone -using a C18 silica-gel as sorbent-of a fluorogenic complex, formed as a result of the on-line complexation of Zn(II) with the reagent p-(tosylamino)quinoline (p-TAQ) (Fig. 1) , 30, 31 implemented in a continuous flow assembly. The method was applied to different water samples with satisfactory results.
Experimental

Reagents and solutions
Stock solutions containing 1000 mg L -1 of Zn(II) (zinc sulfate (Fluka)) were prepared by dissolving the appropriate amount in deionized water; p-(tosylamino)quinoline (p-TAQ) (Sigma) stock standard solution of 1 mM was prepared in pure ethanol (Panreac, Barcelona, Spain). Both solutions were kept in the refrigerator protected from light. Working sample solutions were daily prepared by suitable dilution with deionized water. Reagent solutions containing 30 μM p-TAQ were prepared in 15% ethanol. Carrier (65% methanol) and eluent (100% methanol) solutions were prepared with methanol from Panreac. Phosphate buffer solutions (0.2 M; pH 8) were prepared using Na2HPO4 and NaH2PO4 from Panreac. C18 bonded phase silica gel beads (Waters, Milford, USA) with 55 -105 μm of average particle size were used as sensing support. Strongly acid cation exchanger resin Dowex 50X4-200 (Sigma-Aldrich), dextran type gel without exchangeable groups (Sephadex G-15, Aldrich), cation exchanger on dextran (Sephadex SPC C-25, Aldrich) and anion exchanger on dextran (Sephadex QAE A-25, Aldrich) were also evaluated.
Apparatus and flow manifold
A Cary-Eclipse luminescence spectrometer (Varian Inc., Mulgrave, Australia) equipped with a Hellma flow cell 176.052-QS (25 μL of inner volume and a light path length of 1.5 mm) (Jamaica, NY, USA) was used. The spectrofluorometer was connected to a computer with a Cary-Eclipse (Varian) software package for data collection and treatment. The flow cell was filled with C18 silica gel microbeads with the aid of a syringe. The flow-through cell was blocked at the outlet with glass wool, to avoid displacements of the C18 gel beads. Fluorescence detection was performed at 495 nm upon excitation at 377 nm.
The flow-injection assembly is outlined in Fig. 2 . It was built using a four-channel Gilson Minipuls-3 peristaltic pump (Villiers le Bel, France), methanol-resistant pump tubes of Solvflex Type (Elkay Products, Shrewsbury, MA, USA) and 
Manifold configuration and analytical procedure
The manifold used is shown in Fig. 2 . The carrier stream (MeOH 65%) was divided in two channels (with a Teflon Tmixing piece) where the sample and the reagent (p-TAQ 30 μM) were injected simultaneously by means of two parallel sixport rotary injection valves. Then, the two streams merged in a unique channel where the Zn(II)-p-TAQ complex was formed, just before reaching the active sensing phase (with C18 silica gel beads used as solid support), in which the complex was transiently retained/concentrated, its fluorescence signal being continuously monitored at 495 nm upon excitation at 377 nm. Twenty seconds after the fluorescence signal reached its maximum value, by means of an additional injection valve, 400 μl of the eluent solution (100% methanol) were inserted in the flow system in order to complete the elution of the complex from the solid support, rendering the solid-phase ready for the next sample injection. A typical fiagram is shown in Fig. 3 .
Results and Discussion
Preliminary studies Selection of the solid active support. Different types of commercially available active solid phases were studied for the proposed method: anion exchangers on dextran (Sephadex QAE A-25), cation exchanger on dextran (Sephadex SPC-25), a dextran type without exchangeable groups (Sephadex G-15), a strong cation exchanger Dowex 50X4-200 (100 -200 mesh) and a non polar sorbent (C18 bonded phase silica gel) were evaluated. From a preliminary study carried out with the complex at different pH values (pH 5 -9), C18 bonded phase silica gel was chosen as sensing phase because it was the unique support that interacted with the complex Zn(II)-p-TAQ, yielding high fluorescent signals. In contrast, the other supports tested did not show any interaction with the target species. The use of C18 solid support provided a 10-fold sensitivity increase, when the fluorescence signal in the presence and in the absence of solid support was compared. Spectral features and instrumental variables. The spectral features of both the fluorogenic reagent and the complex between Zn(II) and p-TAQ were recorded. At pH 8, the maximum excitation/emission wavelengths for p-TAQ were 375/482 nm. However, the maximum excitation/emission wavelengths for Zn-p-TAQ complex were 377/495 nm in both 1180 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 aqueous and solid-phase media (C18 silica gel). This pair of wavelengths was selected for further studies. The instrumental variables (slit widths and detector voltage) were also studied. Spectroscopic measurements carried out in gel-phase media are usually affected by background signal levels higher than those found in homogeneous solution, obviously owing to the presence of the solid material in the irradiated zone. The instrument excitation and emission slit widths were studied in the range from 1 to 20 nm. In addition, a study of the photomultiplier tube voltage was also undertaken in the range 400 -800 V. As a compromise between sensitivity and signal-to-background ratio, 5 and 20 nm width values were selected for excitation and emission slit widths, respectively, while the photomultiplier tube voltage was set at 700 V.
Chemical variables
Sample. The influence of sample pH was examined in the pH range between 2 and 10. The maxima fluorescence signals were obtained in the pH range 6.5 -8 as has been previously described. 30, 31 At pH values below 5, the fluorescence signal decreases dramatically, probably due to dissociation of the Znp-TAQ complex. A sample pH of 8, adjusted by using a phosphate buffer 0.02 M, was selected for further experiments. This buffer concentration was also used for the reagent solution to ensure the appropriate pH medium of the reaction. Carrier and eluent solutions. The nature of the carrier solution was also studied. Taking into account the solid support used (C18 silica gel), we tested different methanol solutions with percentages ranging from 55 to 75% methanol/water (v/v). The results obtained in this study are shown in Fig. 4 . Percentages lower than 65% do not provide a complete and satisfactory elution of the complex from the solid support; peaks with large tails are obtained, thus decreasing the sampling frequency. As a compromise between analytical signal and sampling rate, a 65% methanol solution was chosen as the optimum value for the elution of the complex obtaining the highest possible analytical signal with an adequate sampling frequency. However, to render the sensing phase ready for the next injection, the use of an additional regenerative solution was required. To facilitate the complete elution of the complex, an additional solution of pure methanol was injected (400 μL) after each determination, by means of an additional 6-way rotary valve that was used as an injection valve (see Fig. 2 ). This volume of stripping solution was proven to be effective, rendering the active sensing zone ready for the next injection.
Concentration of the fluorogenic reagent
The concentration of the fluorogenic reagent (p-TAQ) was studied in the range 5 -100 μM, using 75 ng mL -1 of Zn(II). Both the blank and the analytical signal increased with the concentration of p-TAQ, using the same injected volume (700 μL) of reagent. Therefore, higher fluorogenic reagent concentrations yielded higher fluorescence signals of the Zn(II)-p-TAQ complex, due to a higher excess of reagent. However, the blank signal also increases with higher concentrations of reagent. As a compromise between analytical signal and blank values, the fluorogenic reagent concentration was established at 30 μM. It should be noted that, due to the low solubility of the p-TAQ in water, reagent solutions were prepared in 15% ethanol in order to avoid precipitation of the ligand. On the other hand, the reagent solutions were prepared with the same buffer concentration and pH of the sample.
Flow variables
The flow-injection variables studied were the injected sample and reagent volumes, the effect of the flow-rate and the reaction coil length. Injected sample and reagent volumes. An interesting feature of the optosensing concept is its potential to regulate/increase the sensitivity required simply by variation of the injected sample volume. This feature is described elsewhere. 26, 29 The effect of the sample volume was studied in the range from 200 to 1500 μL, using the same volumes of reagent in the other injected loop (injection valve 2). We concluded that injected volumes higher than 700 μL do not provide any increase in analytical signal. Higher values did not yield an increase on the analyte signal, while the signal corresponding to the blank increased due to higher amounts of reagent injected. Therefore, 700 μL was selected as injected volume for both sample and reagent solutions. Flow rate. The effect of the flow rate was investigated from 0.6 to 1.3 mL min -1 . The higher the flow rate, the lower the analytical signal; also, the shorter the elution time, whereas the sampling frequency increased. In contrast, flow rates of 1.20 mL min -1 or higher could not be used owing to overpressure problems in the flow system. Therefore, a 1.10 mL min -1 flow rate was chosen as a compromise between sensitivity and total signal time. Study of the reaction coil length. The experiment was performed under the optimized chemical variables. The influence of the reaction coil length was studied over the range from 0.5 to 3 m, using a 75 ng mL -1 Zn(II) standard solution and 30 μM p-TAQ. We did not observe any increase in the analytical response using a reaction coil. Therefore, it can be concluded that the use of a reaction mixing coil is not necessary, because the reaction is very fast. The tubing length between the valves and the detection system is enough to yield the maximum possible signal, and the minimum tubing length was selected for further experiments (ca. 40 cm).
Analytical performance Calibration graph and analytical features.
Once the system was optimized, the analytical features of the proposed method were studied. Calibration graphs were obtained according to the procedure described above. Quantitation was carried out using peak height as analytical signal. The main analytical figures of merit of the proposed method for Zn(II) are included in Table 1 . As can be seen, the linearity of the analytical response across the studied range is excellent. The repeatability and accuracy of the method were also evaluated. The repeatability study was carried out by injection of the same standard solution ten consecutive times in the same day. The RSD values obtained from run-to-run studies are summarized in Table 1 . From the results obtained, the developed methodology was found to be precise (with run-to-run instrumental RSD values below 2%) and very sensitive. For instance, the proposed method is more sensitive than previously described flow-through optosensors 1181 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 described for the determination of Zn(II) based on spectrophotometric measurements. [16] [17] [18] In addition, the analytical parameters of the proposed method compared well against previously reported batch luminescence methods, 19, 21, 22, 31 offering as main advantages interesting features such as increased automation and high sampling throughput provided by the use of a flow assembly, in contrast to batch measurements. Interference study. In order to explore the selectivity of the developed method against other ions and to test the usefulness of the proposed continuous-flow method, a study of the effect of different ions on the fluorescence signal of the system was undertaken. Different ions were added at concentration levels higher than those usually present in the sample scope of the proposed method (drinking water). Foreign species (mainly metal ions) which are likely to be present in real samples, were added to solutions containing 100 ng mL -1 of Zn(II), and their influence on the analytical signal was investigated. Tolerance level was defined as the amount of foreign species that produced an error not exceeding ±5% in the determination of each analyte. Results obtained are summarized in Table 2 . The tolerance levels found for most tested ions were higher than the expected levels of these species in real samples.
For some species, the tolerance is not so high, probably due to the complex formation of the interfering ion with the chelating agent p-TAQ, and its subsequent adsorption on the support and the possible fluorescence signal from metal p-TAQ complexes formed. The most serious interference comes from Cd(II), which is usually present at much lower concentration in real water samples (1 -2 orders of magnitude) than Zn. Therefore, interferences from this ion are not likely to occur in regular drinking water samples. Anyhow, taking into account the sensitivity of the method, by simply diluting samples, we could enhance the selectivity of the proposed method towards Zn determination. Analytical applications. The developed method was applied to the determination of Zn(II) in different types of drinking water samples: commercial bottled mineral water samples and tap water. The Zn(II) concentration found in both mineral and tap water samples were below the detection limit of the proposed method. For this reason, to evaluate the accuracy of the method, different recovery studies were undertaken at different concentration levels in the range from 10 to 50 ng mL -1 . Results obtained are summarized in Table 3 . Mean recovery values ranged from 98 to 104%. From the results obtained, it can be concluded that the accuracy of this continuous-flow methodology was demonstrated, representing a feasible and cost-effective methodology for the screening of Zn(II) in drinking water samples.
Conclusions
In this work, a continuous flow-through spectrofluorometric optosensor has been developed for the screening of Zn(II) in drinking water samples. It is based on the transitory retention of the highly fluorescent complex formed on-line between Zn(II) and the fluorogenic reagent p-(tosylamino)quinoline (p-TAQ). The results show interesting analytical features such as sensitivity, selectivity, simplicity and speed, due to the preconcentration of the target species on the solid sensing zone. The usefulness of the proposed approach has been checked in different drinking water samples with satisfactory results. 
